Apeiba tibourbou is a common species found in the rainforests of South America. The aim of the present work is to determine the most favorable condition for micropropagation. Seeds were submitted to both thermal and mechanical scarification, sterilized and inoculated in test tubes with ½ MS, with or without the addition of sucrose. The explants were divided in a factorial experiment of four concentrations (0; 0.1; 0.5 and 1.0 mgL -1 ) of 6benzylaminopurine (BAP) and three auxins at the concentration of 0.01 mg.L -1 : indole-3-acetic acid (AIA), indole-3-butyric acid (AIB) or naphthalene-acetic acid (ANA). Regarding the production of new sprouts, auxins had an inhibitory effect on sprouting, and the best results were obtained with BAP at the concentration of 0.5 mgL -1 without auxins or with AIA. However, regardless the culture medium the sprouts died in the following subculture. All the explants cultivated in the absence of growth regulators rooted. All combinations of growth regulators inhibited the formation of roots, except in the presence of AIA alone. The multiplication using sprouts formed in vitro remain a challenge to overcome.
Apeiba is a genus of flowering plants that comprises around five species from tropical and subtropical regions of the America (Otter and Schütz, 1981) . Apeiba tibourbou is a common species found in the rainforests of South America (Amazon, Atlantic forest, and gallery forests of Cerrado) and shows rapid growth in natural conditions (Lorenzi, 2014) . The wood of Apeiba tibourbou is light and resistant and it is used to build rafts (jangada). Hence, it is commonly called as pau de jangada (raft wood) in Brazil (Corrêa, 1926) . In addition, this species is rich in rosmarinic acid, which is of interest for pharmaceutical and cosmetic industries (Souza et al., 2012) .
For urban gardening, the seedlings of Apeiba tibourbou are obtained solely by seeds. Tissue culture could be an alternative way for obtaining seedlings. Even though, the micropropagation techniques of wild native species of South America have developed in recent years. Nevertheless, it is very challenging to find an effective method, since there are many peculiarities related to such species (França et al., 1995 , Silva et al., 2008 , Lima et al., 2014 . Therefore, micropropagation protocols have been produced for just few species.The aim of the present work is to determine the best protocol for the micropropagation of Apeiba tibourbou Aubl. (Tiliaceae).
Material and Methods
Mature fruits of Apeiba tibourbou Aubl. (Tiliaceae) were harvested for three consecutive years from the gallery forests of Botanic Garden of Brasília and the surrounding areas. The seeds (1200 seeds) were removed from sun dried fruits for two to three days and stored in glass jars at room temperature. The viability of the seeds was tested using tetrazolium test (Delouche et al., 1962) on 50 randomly selected seeds. Since the viability of the seeds was over 80%, the experiments were carried out. We followed a feedforward design experiment -the results in each step guided the subsequent step. Seeds were inoculated in test tubes of 150 mm of length x 25 mm of diameter).
Seed treatments and explants production a) Seed scarification and sterilization
A sample of 345 seeds was divided into four groups as following: control (n = 100), mechanical scarification (n = 100), thermal scarification (n = 70), and both thermal and mechanical scarification (n = 75). Mechanical scarification was accomplished by punctuating the tegument. For thermal scarification, seeds were kept in Petri dishes inside an oven at 80 o C for five minutes. For both thermal and mechanical scarifications the seeds were submitted to a tegument puncture and at 80 o C. After the treatments, all seeds were sterilized in 70 o GL ethanol for 5 minutes followed by soaking in sodium hypochlorite 2% for 15 minutes. Subsequently, the seeds were washed three times in sterile water for 30 seconds. Then, the seeds were inoculated in test tubes with substrate at pH = 5.6, under continuous laminar air flow and put in a greenhouse chamber with temperature of 24 (±2 o C) with a photoperiod of 16 hours with white light of intensity of 41 µmolm -2 s -1 . Seed germination and seedling development were observed every two days.
b) Explant production
Seeds that were submitted to both thermal and mechanical scarification were divided into four groups (100 seeds each) for verify the best suitable substrate at pH = 5.6: 1) agar-water, 2) agar-water plus 1.5% of sucrose, 3) ½ MS (Murashige and Skoog, 1962) , and 4) ½ MS with 1.5 % of sucrose. The most vigorous seedlings between 25 to 35 days of cultivation provided the explants for multiplication. The explants were the shoot apex region composed of two or three axillary buds, approximately 15 mm long. The cotyledons and root system were discharged.
Multiplication
The explants were cultivated in ½ MS. The explants were divided in a factorial experiment of four concentrations of 6-benzylaminopurine (BAP) -0; 0.1; 0.5 and 1.0 mg.L -1 and three auxins, indole-3-acetic acid (AIA), indole-3-butyric acid (AIB) and naphthalene-acetic acid (ANA), at the concentration of 0.01 mg.L -1 . The experiment design had 12 experimental groups. In all groups, the sample number of explants was of n = 70.
Results
After 25 days of cultivation, the germinability of seeds from control group, thermal scarification group, mechanical scarification group, and the combination of thermal and mechanical scarification group were 2%, 63%, 94%, and 90% respectively.
Concerning the disinfestation protocol, each scarification treatment, thermal, mechanical, and thermal-mechnic, resulted in 90%, 95%, and 100% of sterilization, respectively.
Related to seedling production, the seeds germinated sucrose-enriched medium produced the strongest explants after 25 days of cultivation. The medium ½ MS without sucrose showed intermediate results. Figure 1 illustrates the aspect of the seedlings in each of the culture medium. Note that the vigor of the seedlings increases according the sequence: agar-water < agar-water plus sucrose < ½ MS < ½ MS plus sucrose. Table 1 shows the means of biometric data of the seedlings at the end of 25 days of cultivation in association with the growth medium. Based on the results, the best protocol for obtaining explants was thermal-mechanical scarification and cultivation in ½ MS with sucrose medium. Apparently, ½ MS with sucrose provided stronger seedlings and was the chosen medium for obtainment of explants.
Regarding production of sprouts per explant (Table 2) BAP was required, as its absence did not result in the formation of new sprouts (Figure 2) . Auxins inhibited sprouting, and the best results were obtained with BAP at concentration of 0.5 mgL -1 without auxins, or with AIA (Figure 2a ). Concerning the length of the sprouts (Table  3) , the absence of BAP and the BAP at 1.0 mgL -1 concentration did not induce the elongation of sprouts. The largest sprouts were obtained with BAP at 0.5 mgL -1 alone or in association with either AIA or AIB. The auxin ANA was inhibitory to the growth of sprouts, except in association to BAP at 0.1 mgL -1 . This combination resulted in a growth rate comparable with BAP at 0.5 mgL -1 . The next subculture was done the same conditions as described previously; however within 15 days of cultivation, all explants died. Auxins (0,01 mg.L -1 ) BAP (mg.L -1 ) AIA AIB ANA No auxin 0,0 0 0 0 0 0,1 2,8 ± 0,2a 2,0 ± 0,6a 2,0 ± 0,6a 1,7 ± 0,7a 0,5 4,0 ± 2,1ab 1,5 ± 0,5c 1,3 ± 0,5c 3,0 ± 0,1b 1,0 1,5 ± 0,5c 1,5 ± 0,5c 2,0 ± 0,3a 2,0 ± 0,3a
Letters compare data among columns lines by the ANOVA test (p<0.05). BAP: 6-benzylaminopurine. AIA: indole-3-acetic acid. AIB: indole-3-butyric acid. ANA: naphthalene-acetic acid.
For rooting, the explants that were cultivated in the absence of growth regulators (Table 4) , rooted (Figure 2c ). All combinations of growth regulators inhibited the formation of roots, except AIA alone.
Table 3 -Length of sprouts formed (mean ± σ) according to growthregulators.
Auxins (0,01 mg.L -1 ) BAP (mg.L -1 ) AIA AIB ANA No auxin 0,0 4,2 ± 0,4a 6,6 ± 2,0b 4,6 ± 0,9a 4,2 ± 0,9a 0,1 7,2 ± 1,2b 6,8 ± 1,1b 9,1 ± 1,3c 5,4 ± 1,0ab 0,5 9,4 ± 1,3c 9,0 ± 3,7c 5,0 ± 0,4ab 8,4 ± 1,3c 1,0 5,7 ± 0,8ab 5,2 ± 0,2ab 5,8 ± 0,8ab 5,4 ± 0,3ab
Letters compare data among columns lines by the ANOVA test (p<0.05). BAP: 6-benzylaminopurine. AIA: indole-3-acetic acid. AIB: indole-3-butyric acid. ANA: naphthalene-acetic acid. 
Discussion
Among the wild native plant species of South America, Apeiba tibourbou is known for its dormancy due to its waterproof tegument. It requires only a simple punch to begin its germination.
a b c
The results presented here are in accordance to those of Matos et al. (2008) , Pacheco and Matos (2009) and Guedes et al. (2013) , who showed that the seeds of Apeiba tibourbou resist to prolonged storage and present high germinability after scarification of the tegument. In the present study, the thermal scarification helped in the disinfestation of the explants. We hypothesize that exposure to the temperature at 80 o C could have reduced the microbial infestation over the seed tegument, which may have contributed to the better rates of disinfestation even though it was not statistically significant. However, thermal scarification is a simple method that, when applied in large scale, might represent a greater production of explants.
Studies on disinfestation and production of new sprouts were guided by the works of Lima et al. (2015) and of Silveira et al. (2013a, b) on wild native Cerrado species. The cotyledons of Apeiba tibourbou are very small with insufficient reserves for the development of the seedling. This was evidenced by the visibly greater development observed the seeds that germinated in nutrient-enriched medium visibly presented a greater development.
In the present study, it was possible to obtain results in in vitro micropropagation using growth regulators available in the market: cytokinin (BAP) and auxins (AIA, AIB and ANA). The response to each combination of growth regulators varies from species to species and the best combination of growth regulators were usually found on trial and error basis.
Conclusion
Micropropagation of Apeiba tibourbou was best using BAP and AIA in ½ MS medium added with sucrose. The multiplication using sprouts formed in vitro remain a challenge to overcome.
